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Abstract 1 
The aim of this study was to assess the agreement between a novel electronic appetite 2 
rating system (EARS) and traditional paper and pen visual analog scales (VAS) in a 3 
clinical population. 28 hemodialysis patients (mean age 61±17y, 50% male, median 4 
dialysis vintage 19.5(4-101) months) were asked to rate their subjective sensations of 5 
hunger, fullness and desire to eat on VAS using both methods. The mean (SD) bias 6 
ranged from 2.6(16.6)mm to 6.2(15.7)mm which indicated that the two methods did not 7 
agree. Patients preferred the paper and pen method compared with the EARS. Either 8 
method would be suitable to use in a clinical population; however, it would be 9 
inappropriate to use the methods interchangeably. 10 
11 
 3
Introduction  12 
Subjective appetite sensations are a common feature of nutrition research and are 13 
typically measured using visual analog scales (VAS). Traditionally, these have been 14 
administered using paper and pen and consist of a horizontal line with descriptions at 15 
each end ranging from, for example, ‘not at all hungry’ to ‘as hungry as I have ever 16 
felt’ (Silverstone & Stunkard, 1968) . The questions are often designed to capture the 17 
subjective state of the participant at the time of assessment, and the questions repeated 18 
regularly (eg hourly) to provide diurnal profiles of the motivation to eat.   19 
 20 
While this method has been widely used it involves several difficulties. Hourly 21 
measurements place a significant burden on the participant and the questions are 22 
generally completed unsupervised, thus there is no way to verify that the questions were 23 
completed at the requested time. The processing and data entry of results is time-24 
consuming and may be prone to error as all the lines have to be physically measured 25 
with a ruler and manually entered into the computer. A novel Electronic Appetite Rating 26 
System (EARS) has been developed to help overcome some of these limitations. The 27 
participant is provided with a hand-held computer which displays the VAS in the same 28 
format as on paper and pen. They are prompted to complete the questions by an audible 29 
alarm, with the time of entry recorded. Data can be automatically downloaded to 30 
computer thus eliminating the need for manual measurement and data entry. Several 31 
studies have compared the two techniques in healthy populations, both free-32 
living (Stratton, Stubbs, Hughes et al., 1998) and in laboratory conditions (Stubbs, 33 
Hughes, Johnstone et al., 2001).   34 
 35 
 4
Although there are examples of the two methods being employed in independent 36 
studies, no data exist which compare the traditional paper and pen VAS with the EARS 37 
method in a clinical population. The hemodialysis population are an appropriate group 38 
in which to investigate methodology for appetite research as poor appetite is found in 39 
30-40% of patients and is strongly associated with worse clinical variables (lower 40 
dietary intakes, higher malnutrition) and longer term outcomes including increased 41 
hospitalisation and a 4-fold increase in risk of death (Burrowes, Larive, Chertow et al., 42 
2005; Carrero, Qureshi, Axelsson et al., 2007; Kalantar-Zadeh, Block, McAllister et al., 43 
2004; Lopes, Elder, Ginsberg et al., 2007) . Wright et al have demonstrated disturbed 44 
appetite profiles using VAS in both hemodialysis  (Wright, Woodrow, O'Brien et al., 45 
2001) and peritoneal dialysis (Wright, Woodrow, O'Brien et al., 2003) patients.  46 
 47 
The aim of this study was to compare the agreement and feasibility of two methods of 48 
administering VAS (paper and pen vs electronic) in the hemodialysis population.    49 
 50 
51 
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Methods 52 
The study was granted approval by the hospital and university ethics committees and 53 
informed consent was obtained from all participants. All patients at a dialysis unit of a 54 
private hospital in Brisbane, Australia were approached for recruitment. Patients were 55 
excluded if they had been on hemodialysis for less than three months or were unable to 56 
give informed consent due to intellectual impairment or mental illness impairing their 57 
ability to follow instructions. Out of 49 patients in the unit, 6 were ineligible and 15 58 
declined to participate, resulting in a sample of 28 patients. Demographic and medical 59 
information (including age, gender, dialysis vintage) was abstracted from the medical 60 
records. Patients were receiving hemodialysis on average three times per week. The 61 
causes of kidney disease were: 3 nephritis, 3 polycystic kidney disease, 4 hypertension, 62 
1 diabetes, 2 reflux, 7 uncertain, 3 analgesic-related, 5 other. The presence and severity 63 
of co-morbidities was assessed by using the Charlson Comorbidity Index (Charlson, 64 
Pompei, Ales et al., 1987) where each comorbidity receives a score and a higher total 65 
score reflects more severe comorbidities. Nutritional status was assessed using 66 
subjective global assessment (SGA) (Detsky, McLaughlin, Baker et al., 1987).  The 67 
SGA is performed by a health professional and includes a medical history (covering 68 
weight change, dietary intake, gastrointestinal symptoms and changes in functional 69 
capacity) and a physical examination (assessment of muscle stores, ascites and 70 
oedema) (Detsky et al., 1987).  Patients are assigned to a rating of well-nourished (A), 71 
moderately malnourished (B) or severely malnourished (C). 72 
 73 
During a routine hemodialysis session, participants completed both methods of 74 
administering VAS simultaneously, which included three sets of identical questions, 75 
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administered in the same order on a 100mm line. The questions were hunger (“Over the 76 
past week, in general how hungry have you been feeling?”), desire to eat (“In the past 77 
week, in general how strong has your desire to eat been?”) and fullness (“In the past 78 
week, in general how full have you been feeling?”). The VAS were administered in a 79 
single session and designed to reflect retrospective ratings of motivation to eat rather 80 
than the state at the time. All participants completed the paper and pen questions before 81 
the EARS.   82 
 83 
Statistical analysis 84 
Data was analysed using SPSS for Windows ver 15.0 and R ver 2.6.2 (Comprehensive R 85 
Archive Network). Descriptive statistics of the sample are presented. The difference 86 
between the average score on the EARS and traditional paper and pen VAS was assessed 87 
using unpaired t-tests. Correlation analysis was used to examine the association between 88 
the mean score obtained using paper pen and EARS. The agreement between the two 89 
methods was assessed using the method developed by Bland and Altman (Bland & 90 
Altman, 1986).  Statistical significance was reported at the conventional p < 0.05 level 91 
(two-tailed). Interpretation of differences was not solely based on statistical testing but in 92 
light of clinically important differences. There is limited data to support the decision of a 93 
clinically important difference between the two methods, however an a priori difference of 94 
<10% was used as acceptable.  95 
  96 
97 
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Results 98 
Baseline characteristics 99 
The mean±SD age of the sample was 61±17 years and 50% were male. Patients had 100 
been on dialysis for a median (range) of 19.5(4-101) months and the median (range) 101 
Charlson Comorbidity Index was 2.5(2-7). All of the patients were well nourished 102 
according to SGA (100% SGA A). Ratings using the EARS tended to be slightly lower 103 
than paper and pen for all questions although this was not statistically significant (Table 104 
1). 105 
 106 
Agreement between traditional paper and pen VAS and EARS 107 
There was a significant correlation between the traditional paper and pen vs EARS 108 
method for each question (Table 2), although this measures the strength of the 109 
relationship rather than the agreement. The correlation coefficient was lower (r=0.572) 110 
for fullness. Bland-Altman plots were constructed to assess the agreement between the 111 
two methods. The plots for all questions were similar and the plot for hunger is shown 112 
in Figure 1. There does not appear to be any systematic pattern of variation in the data. 113 
The bias was similar for hunger and desire to eat (6.2 and 5mm respectively) but lower 114 
for fullness (2.6mm) (Table 2). The standard deviations are high (approximately 3 times 115 
the mean) and therefore the limits of agreement (±2SD) are wide. Even though almost 116 
all values fit within these limits, they are too wide to indicate acceptable agreement at 117 
an individual level.   118 
 119 
120 
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Discussion 121 
Measurement of subjective appetite sensations provides a useful measure of the drive to 122 
eat and other important information in a range of clinical populations. This is the first 123 
study to compare the novel EARS with traditional paper and pen VAS in the 124 
hemodialysis population. For all questions, there was a bias towards lower scores on the 125 
EARS compared to paper and pen VAS. There was least agreement between methods 126 
for ratings of hunger and desire to eat (mean differences of 6.2 and 5.0mm 127 
respectively).  For this sample of patients who tended to rate around the mid-point 128 
(50mm) of the VAS (see Table 1), these differences lie just outside a clinically 129 
acceptable level of <10%. The mean difference between fullness scores (2.6mm) was 130 
within acceptable boundaries. In addition to comparing the mean difference, it is 131 
important to examine the variability of values and the limits of agreement. The standard 132 
deviations were unacceptably high which resulted in very wide limits of agreement. 133 
Therefore, while almost all values were within these limits, and there did not appear to 134 
be any systematic pattern of bias in the graphs, the data as a whole indicates 135 
unacceptable agreement between the two methods. Therefore they should not be used 136 
interchangeably. 137 
 138 
It is important that although paper and pen VAS is commonly used in appetite research, 139 
there is no gold standard. The aim of this study was not to validate the novel EARS 140 
method but rather to compare the agreement and feasibility between two methods. 141 
Therefore, this study was not designed to compare the validity of subjective appetite 142 
assessment. Indeed, the validity of appetite sensations is a topic of debate and has been 143 
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reported elsewhere (Flint, Raben, Blundell et al., 2000; Parker, Sturm, MacIntosh et al., 144 
2004; Raben, Tagliabue, & Astrup, 1995).  145 
 146 
While these data demonstrate that the methods disagreed, it cannot be concluded that 147 
one method is superior or more valid than the other. Either method is acceptable to use, 148 
and can be decided based upon practical considerations such as availability of resources 149 
and likely acceptability by the participant group.   150 
 151 
Despite being administered simultaneously in a single session, the EARS values were 152 
consistently lower than the paper and pen method, although this was not statistically 153 
significant. Both methods used identical questions. The functional aspects that differed 154 
were the method of presentation (paper v electronic) and the method of completion (pen 155 
v cursor) which could have contributed to the differences. Previous evidence in healthy 156 
populations suggest that there was sufficient disagreement that the two techniques 157 
should not be used interchangeably (Whybrow, Stephen, & Stubbs, 2006).   The 158 
findings from the current study advance the understanding by confirming that this 159 
recommendation also applies in haemodialysis patients.   160 
 161 
We also asked patients to give feedback on some aspects of using the EARS. Twenty-162 
five percent of patients indicated they would not be happy to use the system again based 163 
on their dissatisfaction with having to use the hand-held computer to make a response. 164 
The quality of the visual text on the screen was also a cause of dissatisfaction. In 165 
dialysis patients, no previous articles have examined patient preferences for methods of 166 
appetite assessment. Welch et al (Welch, Dowell, & Johnson, 2007)  evaluated 167 
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preferences for an electronic personal digital assistant (PDA) used to self-monitor food 168 
and fluid intake in dialysis patients. Similarly to this study, problems reported by the 169 
patients included the font size, the screen being too small and difficulties in using the 170 
stylus. It would be advisable to conduct a pilot study to evaluate acceptability and 171 
tolerance before replacing paper and pen VAS with electronic methods.   172 
 173 
In conclusion, in the setting of CKD, we found that the newer electronic method of 174 
using VAS did not agree with the traditional paper and pen. The data was not designed 175 
to demonstrate that one method is superior or more valid than the other, so either 176 
method is appropriate, but the two methods should not be used interchangeably. 177 
Regardless of which method is used to administer the technique, VAS can add value to 178 
research by measuring a variety of parameters that make up the subjective concept of 179 
appetite.  180 
 11
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Table 1: Mean (SD) ratings (mm) of hunger, desire to eat and fullness using traditional paper and 
pen and electronic visual analog scales. 
 
 Paper and pen EARS Significance* 
Hunger (mm) 51 (23) 46 (23) 0.987 
Desire to eat (mm) 52 (22) 49 (19) 0.419 
Fullness (mm) 51 (18) 48 (19) 0.737 
* t-test; EARS=Electronic Appetite Rating System 
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Table 2: Agreement between paper and pen and EARS for ratings of hunger, desire to eat and 
fullness 
Question Correlation 
(significance) 
Bias (mean (SD) 
difference) (mm) 
Limits of 
agreement (mm) 
Hunger  0.770 (p<0.001) 6.2 (15.7) -25.2 to 37.6 
Desire to eat  0.649 (p<0.001) 5.0 (17.4) -29.8 to 39.8 
Fullness  0.572 (p=0.003) 2.6 (16.6) -30.6 to 35.8 
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Figure 1: Bland-Altman plot showing agreement between traditional paper and pen and electronic 
visual analog scales for hunger ratings 
 
 
 
 
 
 
